SUMMARY Plasma alkaline phosphatase isoenzyme activities were determined in patients with breast cancer to diagnose and monitor bone and liver metastases. Bone alkaline phosphatase activity was increased in 21 of 50 patients (42%) with radiologically confirmed bone metastases, while total alkaline phosphatase activity was increased in only 10 of 50 (20%); liver alkaline phosphatase activity was raised in 12 of 25 patients (48%) with liver metastases. All patients with liver metastases had bone metastases. Bone alkaline phosphatase activity was significantly higher in patients with symptomatic bone disease. Isoenzyme determination provided additional information that would have changed patient management in five of 20 patients who were monitored serially. Measurement of alkaline phosphatase isoenzyme activity, though less sensitive than imaging procedures, can assist in screening for, and in early detection of, a high proportion of bone and liver metastases, and can provide useful objective evidence of their response to treatment.
More than 50% of patients with breast cancer develop overt bone metastases and many of these subsequently develop liver metastases.' Survival from breast cancer may be improved by early detection of metastases, as their treatment is usually reserved for symptomatic or progressive disease. The detection of micro or occult metastases is less important as, at present, this finding rarely changes treatment. Bone scintigraphy is a sensitive diagnostic procedure for the detection of overt bone disorders but it is not specific for metastases, and a positive scintigram may require confirmation by radiographical skeletal survey.2 These investigations, when performed during follow up to monitor disease, are costly, time consuming, and entail a radiation hazard. Perez et al3 claimed that it is possible to identify 95% of patients who develop bone metastases by clinical examination, chest x-ray, and measurement of plasma total alkaline phosphatase (ALP, EC 3.1.3.1) and y-glutamyltransferase (GGT, EC 2.3.2.2) activities. Although easy to perform and inexpensive, neither of the biochemical investigations unequivocally identifies the site of metastases deposits. Increased plasma total alkaline phosphatase activity can result Accepted for publication 27 October 1986. from either bone or liver secondaries, and though an increase in y-glutamyltransferase activity generally indicates liver pathology, extrahepatic malignant disease may give rise to this abnormality. 4 Recent improvement in plasma alkaline phosphatase isoenzyme separation by affinity electrophoresis with wheat germ lectin permits clear separation of bone and liver isoenzymes and their quantification' and permits their determination to be carried out readily in the diagnostic laboratory. We therefore assessed the value of measuring plasma alkaline phosphatase isoenzyme activity in the diag- Twenty patients were examined at intervals of about four to six weeks over a median time period of 17 months (range seven to 27-months). The median age at which breast cancer was diagnosed was 51 years (range 26 to 76 years) and entry into the study occurred about four years later (median age at entry 56 years, range 31 to 77 years).
Results Table 1 shows the test sensitivity, test specificity, predictive value of a positive result, predictive value of negative result and test efficiency7 of plasma total and bone alkaline phosphatase activity determination for the detection of bone metastases in patients with breast cancer with bone metastases only (group 2). Table 2 shows the diagnostic performance of plasma total, liver, and biliary alkaline phosphatase and y-glutamyltransferase activity for the detection of liver metastases (group 3).
The bone alkaline phosphatase activity was increased in 42% of patients with breast cancer with only bone metastases, this incidence being more than twice that of total alkaline phosphatase --activity (20%). There was no significant difference in bone alkaline phosphatase activity between those patients who had either localised or extensive bone disease. Patients with symptoms of bone pain or tenderness (n = 24) had a higher plasma bone alkaline phosphatase activity (median 100 U/1, range 13 to 1420 Sensitivity, % positivity in disease; specificity, % negativity in non-disease; PV +, % of positive test results due to disease; PV-, and liver metastases). Biliary alkaline phosphatase activity was increased in 36%, and total alkaline phosphatase activity in 56%. Plasma y-glutamyltransferase activity was increased in 87% of these patients but was relatively non-specific, being raised in 25% of patients with breast cancer with no evidence of liver metastases (groups I and 2). Only two of the 25 patients in group 3 had both increased plasma bone and liver alkaline phosphatase activity (fig 2) . Of the nine patients in whom plasma biliary alkaline phosphatase was detected, seven had an increased liver isoenzyme only, one had a raised bone isoenzyme, and in the remaining patient neither isoenzyme activity was raised. Seventeen of the 20 patients, who were monitored serially, had bone metastases, and five had liver metastases at the time of entry into the study. One developed bone metastases and four developed liver metastases during the study period. An increase in liver alkaline phosphatase activity gave a lead-in time of between two and nine months in three of these latter four patients. A significant change in enzyme activity was defined as a minimum of two consecutively increasing or decreasing values, each value changing by a minimum of 20% compared with its predecessor.
Three patients developed "bone flares", shown by an initial increase in uptake on bone scan, at six weeks after the introduction of Tamoxifen treatment. These bone flares were preceded by an earlier acute rise in plasma bone alkaline phosphatase activity. No change in plasma alkaline phosphatase isoenzyme activity accompanied the introduction of any cytotoxic chemotherapy. .~~~~~~~~~~~~~~~~~~~~~~g Plasma bone alkaline phosphatase -activity correlated with the clinical symptomatology and with the radiographic findings in 14 of the 20 patients who were followed up serially. In five patients additional information relevant to patient management was obtained when plasma alkaline phosphatase isoenzyme data were made available. In two patients non-malignant disease was associated with an increase in isoenzyme activity. Examples are outlined briefly.
Case 20 (born 1931) (fig 3) Breast cancer was diagnosed in 1978. In March 1981 symptomatic bone metastases were diagnosed and bilateral oophorectomy was carried out, followed by a subjective and objective response. She developed recurrent bone pain in April 1982. Progressive bone metastases were shown and she was started on hormone therapy. She was first studied in June 1982 when she remained symptomatic with bone pain and tenderness over her right hip and pelvis. Bone alkaline phosphatase activity was considerably increased, but total alkaline phosphatase activity was only slightly increased. Liver isoenzyme activity was normal, as was an ultrasound scan of the liver. The following month she had radiotherapy to her pelvis. By November, although she still had extensive bone disease on bone scintigram, there had been a noticeable clinical improvement paralleled by a decline of total and bone isoenzyme activity to normal. Liver alkaline phosphatase activity had, however, shown a progressive increase and was abnormal. The liver was now just there was a noticeable rise in both total and bone alkaline phosphatase activity. A bone scintigram showed an acute "bone flare" with strongly increased isotope uptake. Total and bone phosphatase activity fell over the next two months. By March 1985 she was asymptomatic with no bone tenderness. Bone alkaline phosphatase activity was marginally raised and total alkaline phosphatase activity was normal. As thyrotoxicosis responded to treatment, liver alkaline phosphatase activity fell to within the reference range. Ultrasound scan of the liver yielded normal results.
Discussion
The study of Coombes et al8 suggested that of all the biochemical determinants available in the clinical laboratory, measurement of plasma total alkaline phosphatase, y-glutamyltransferase activity, and carcinoembryonic antigen concentration are the most useful for detecting overt metastatic deposits. We found that measurement of plasma total alkaline phosphatase activity had an overall diagnostic sensitivity of 32%, a figure similar to that observed by Coombes et al. Plasma bone alkaline phosphatase activity, however, was twice as sensitive in diagnosing the presence of bone metastases as total enzyme activity. All the patients who had liver metastases also had bone metastases. Because of this, plasma total alkaline phosphatase activity had an apparently higher sensitivit-y than either liver or biliary phosphatase activity for the detection of liver metastases. Determination of isoenzyme activity, however, provides specificity, indicating the tissue of origin of the raised plasma total alkaline phosphatase activity. Overall, 45 of the combined total of 100 metastatic deposits were identified by alkaline phosphatase isoenzyme analysis compared with the 24 which showed total alkaline phosphatase elevation (p < 0-01).
We rarely observed an increase in both bone and liver alkaline phosphatase activity, even in those patients with clinical evidence of metastases at both sites. Additionally, occasional patients with a massive increase of one fraction showed complete absen-ce of the other. This raises the possibility that production or post-translational modification (glycosylation) of one isoenzyme form interferes with that of the other, or that an excess of one form interferes with the separation procedure, though we have not observed this in non-malignant disease. Posen and Grunstein9 claimed that there is no evidence of a control mechanism whereby a circulating alkaline phosphatase activity can change the rate of production of the enzyme by different tissues or their removal from plasma. It is noteworthy, however, that in a diagram by Moss illustrating selective heat inactivation applied to the measurement of alkaline phosphatase isoenzymhes in Mayne, Thakrar, Rosalki, Foo, Parbhoo patients with malignant disease, 12 of 87 subjects (14%) with increased liver phosphatase activity showed virtual absence of the bone fraction.'0 If it is confirmed that an increase in one fraction interferes with the production or measurement of another in patients with malignancy, this would radically affect the interpretation of isoenzyme data, though in our serial studies (figs 3 and 4) correlation of changes in each fraction and clinical state was evident. Further studies are currently in progress to clarify the importance of this observation.
In contrast to previous findings made by ourselves and others, which have shown a higher prevalence of abnormalities of plasma biliary alkaline phosphatase activity,' 1 12 this fraction was detected in only nine of 25 patients with liver metastases. The reason for the low diagnostic sensitivity in this study is unclear. It may be due to earlier diagnosis of liver metastases in comparison with other studies, as special attention, using ultrasound or computed tomography at regular follow up, was given to their detection. Specificity of biliary alkaline phosphatase activity for liver disease was high, with a false positive rate of only 3% in patients with breast cancer with no liver metastases. We did not detect any placental like or Regan alkaline phosphatase activity by electrophoresis in the patients studied. These fractions have been reported in up to 10% of cancer patients13 but more sensitive immunological procedures are generally required for their detection. 10 Plasma y-glutamyltransferase activity was the most sensitive diagnostic marker for the presence of liver metastases. Although increased in 87% of patients with liver metastases, it was also increased in 25% of patients without evidence of such metastases and consequently has a relatively low tissue specificity in cancer patients.
When enzyme or isoenzyme activity is abnormal, non-malignant causes should be excluded before more sophisticated investigations are performed to confirm the diagnosis of metastases. In case 5 liver alkaline phosphatase activity was raised at the time of initial investigation. Liver metastases were not present but thyrotoxicosis had been diagnosed three months previously. As thyrotoxicosis responded to treatment with carbimazole, liver alkaline phosphatase activity fell to within the reference range. Increased liver alkaline phosphatase activity in plasma is well recognised in hyperthyroid patients and was observed by Rhone et al in 73% of 42 hyperthyroid women. 4 Intraindividual variation of plasma alkaline phosphatase activity is significantly less than population (interindividual) variation. Consequently, the upper limit of a population reference range (even that derived from a population with benign breast disease) is relatively insensitive as a diagnostic "cut off" limit to detect a pronounced increase in enzyme activity. Serial monitoring, with the detection of changes outside normal physiological variation, provides an earlier indication of disease. Serial analysis was used by Winkel et al to predict the occurrence of local and metastatic deposits in patients with breast cancer,15 but plasma total alkaline phosphatase and y-glutamyltransferase activities were reported to provide no additional information. These workers, however, studied only 10 cases serially, and only six of these developed bone metastases; the remaining subjects developing metastases in soft tissue. We have not found these enzymes useful in the detection of soft tissue recurrence (normal in all of 15 patients studied), but as indicated above, this does not apply to the detection of organ metastatic disease. Additionally, isoenzyme determination provides superior diagnostic sensitivity and organ specificity to the measurement of total alkaline phosphatase activity.
A biochemical test that is used to diagnose and monitor a disease must provide additional information that is not readily available from clinical examination. Enzyme activity correlated with the clinical condition in most of our patients followed up serially, and plasma bone alkaline phosphatase activity was higher in the patients with symptomatic bone metastases. Serial isoenzyme analyses, by identifying metastases at unsuspected sites and prior to symptoms, gave additional information that would have been beneficial to patient management in 25% of patients. Consequently, serial analysis using plasma alkaline phosphatase isoenzymes and y-glutamyltransferase determination for the detection of bone and liver metastases would seem to be justified. These procedures can be carried out at each outpatient visit, and the determinations can readily be carried out in the diagnostic laboratory with the methods used in this study.
We recommend serial measurement of bone alkaline phosphatase activity for the detection and monitoring of bone metastases, and liver alkaline phosphatase determination for liver metastases. Liver alkaline phosphatase activity should be combined with the more sensitive but less specific determination of y-glutamyltransferase. Such measurements, though less sensitive than imaging procedures, can assist in screening for, and in the early detection of, a considerable proportion of metastases and can provide useful objective evidence of their response to treatment.
